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What is a Gene?

» Definition: An inheritable trait associated
with a region of DNA that codes for a
polypeptide chain or specifies an RNA
molecule which in turn have an influence
on some characteristic phenotype of the
organism.

Abstract concept that describes a
complex phenomenon
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What is Annotation?

 Definition: Extraction, definition, and
interpretation of features on the genome
sequence derived by integrating
computational tools and biological
knowledge.

Identifiable features in the sequence
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How does an annotation differ
from a gene?

Many annotations describe features that
constitute a gene.

Other annotations may not always directly
correspond in this way, e.g., an STS, or
sequence overlap

-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
- 4
-
-
-
-
->
-
-
-
-
2 W




DNA Analysis

* Heuristics
» Statistics

» Artistics

1000000000 NNNINONNONNINYGY

DNA Analysis

* Find the genes
— Heuristic signals
— Inherent features
— Intelligent methods

» Characterize each gene
— Compare with other genes
— Find functional components
— Predict features

-
-
-
-
-
-
-
-
-
-
-
-
-
-
= -
- 4
-
-
-
-
=
-
-
-
-
-




What is a Gene?
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Heuristic Signals

* DNA contains various recognition sites for
internal machinery

* Promoter signals

* Transcription start signals
 Start Codon

* Exon, Intron boundaries

* Transcription termination signals
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Heuristic Signals

Start of the gene
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Start Codon
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Inherent Features

DNA exhibits certain biases that can be
exploited to locate coding regions

Uneven distribution of bases
Codon bias

CpG islands

In-phase words

Encoded amino acid sequence
Imperfect periodicity

Other global patterns

Donor Splice Site




Inherent Features
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Solovyev, 1994

Intelligent Methods

« Pattern recognition methods weigh inputs
and predict gene location

— Content-based methods
— Site-based methods
— Comparative methods

* Neural Networks
* Hidden Markov Models
» Stochastic Context-Free Grammar
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GRA”_ Uberbacher, Mural

* GRAIL 1

— Neural network with fixed window length (100 bases)

« GRAIL 1a

— GRAIL 1 + adjacent information

* GRAIL 2

— Variable length window, contextual information

« GRAIL-EXP

— Comparison with partial and complete gene sequences
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Analyzing Complex Multi-
Gene Regions

* Errors in exon prediction and splice site
boundaries

* Gene boundaries uncertain
* Genes can be on both strands
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Neural networks

| 6-mer vocabulary

| 6-mer-in-frame

| Markov |—> \
Isochore GC Composition OXY
| —0

| Exon GC Composition

| Size prob. profile

| Length

| Donor

| Acceptor
| Intron Vocabulary 1

| Intron VVocabulary 2 Xu 1997

Grail-EXP
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FGENEH/FGENES solovyev

— Looks at several structural features
— Splice donor/acceptor sites
— Putative coding regions
— Intronic regions
— Linear discriminant analysis to split exon /
non-exon classes

— Dynamic programming to assemble best
gene structure

MZEF Zhang

— Quadratic discriminant analysis
— Exon length
— Exon-intron transitions
— Splice sites
— Branch sites
— Exon, strand, frame scores

— Detects internal exons
— No information about gene structure

11
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G EN S CAN Burge, Karlin

— Probabilistic model of sequence composition
and gene structure

— Looks for gene structure descriptions that are
consistent with the query sequence to assign probability
that sequence stretch is exon, ...

— Best ---> optimal
— But generates also suboptimal exons

PROC RU STES Gelfand

» Forces sequence into target structure

— Requires putative gene product
— Strecthes/shortens sequence to fit into model
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Hidden Markov Models
‘_"_" Silent states

GEN | E Kulp, Reese, Haussler
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Strategies

» Select by correlation coefficient
» Select by review paper

» Select by recommendation

* Use them all

Drawbacks

* Most programs are “trained” on existing
data

* |t's awfully hard to find new things this
way!
« NTT
. IPW
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Banbury Cross

FGENEH
GenelD
GeneMachine
GENSCAN
Genotator
GRAIL
GRAIL-EXP
MZEF
PROCRUSTES
RepeatMasker
HMMgene
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Chapter 10
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Internet Resources

http://igs-server.cnrs-mrs.fr/igs/banbury

http://genomic.sanger.ac.uk/gf/gf.shtml
http://www1.imim.es/geneid.html
http://genome.nhgri.nih.gov/genemachine
http://genes.mit.edu/GENSCAN.html
http://www.fruitfly.org/_nomi/genotator/
http://compbio.ornl.gov/tools/index.shtml
http://compbio.ornl.gov/grailexp
http://www.cshl.org/genefinder
http://www-hto.usc.edu/software/procrustes
http://ftp.genome.washington.edu/RM/RepeatMasker.html
http://www.cbs.dtu.dk/services/lHMMgene

http://www.wiley.com/legacy/products/subject/life/bioinformatics/chapterlinks.html

Characterize a Gene

Collect clues for potential function

Comparison with other known genes, proteins
Predict secondary structure
Fold classification

Gene Expression

Gene Regulatory Networks
Phylogenetic comparisons
Metabolic pathways

15
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A Contig Overview
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Feature Display

Feature selection
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Overlapping clones

Predicted Genes
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Layers of Information

The same base sequence contains
many layered instructions!

Chromosome structure and function
— Telomers, centromers

Gene Regulatory information
— Enhancers, promoters, ...

Instructions for gene structure
Instructions for protein

Instructions for protein post-processing and
localization
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2= Inherited Annotation Problems
in Multi-Domain Proteins

New sequence

— - -
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I:[ Closest database annotated entry
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Original studied protein
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Alternatively Spliced ?
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One Gene - Many Proteins
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Conboy 1998
As many as 30% of human genes,
in particular structural genes, may
be alternatively spliced.
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Internet Resources

GenomeHub
NAR Database Issue

http://www.nhgri.nih.gov/genome_hub.html
http://nar.oupjournals.org/content/vol29/issue1/

21



letscape: NHGRI Genome Hub

i (W=7 P ahar mihgov 7 hub htm
- =

International Human Genome Sequencing Consortium
Sanung r.

On behalf of the International Human Genome Sequencing Consorium, Genome Hub is a web site that
consists of a list of a number of important web sites that contain information about the human genome
seguence, other genome sequences, and other relevant genamic information. tis similar to the *Genome
Central’ sites that can be found on the NCEI and EBI sites. Genome Hub will be maintained and ragularly
updated with nesy information

Use the links below to go to the listed directaries containing information pedinent to those areas

raft Genome Sequence Assemblies, and other genomic data resources
Underlying Map Information

ing Centers of the i Human Genome ing Cs
Mucleotide Sequence Databases

SNPs

cDHNAs and ESTs

Other Organisms

Other Human Genetics Information
ELS| Information

Funding Agencies

= Draft Genome Sequence Assemblies, and other genomic data resources

ucsc. contains the assembly of the draft genome sequence that was
analyzed in the February 15, 2001 publication

the Ensembl praject provides actess to DNA and protein seguences
with automatic baseline annotation; allows BLAST analysis

in addition to the NCBI assembly of the draft genome seguence, this
site provides aceess to other NCBI resources including BLAST
analysis

Java viewers for Human gename data
gives an mwerview of the entire human genome structure

EBL
N

2 Underlying Map Information

Washu Thig page containg links to the fingerprinted clone and accession
maps ofthe human genome
Gene Map 99 Gene map 89 contains data and viewers for radiation hybrid maps.
Marsl 1d this page containg comprehensive human genetic linkage maps
Genethon This site is contains the Genethon genelic linkage maps 7|
BHb This (= the site farthe Eadiatinn Huhirid rannl =]
Eei Z

GoldenPath

Netscape: Human Genome Browser Gateway

a8

tp - /genome cse ucse.edu/ goldenPath/ oot Tracks him! | @517 what's Relsted

7 Location: [

Human Genome Browser

‘Weh tonl created by Jim Kent of UC Santa Cruz
7 0ct 2000 draft assembly of the huran genome

Please enter a position in the genome, set wour prefemred window width, and press the subimit bonon: (Use BLAT Search 10 locate a particular sequence in the genome. )

genome positon: |chr 1 7:45247249- 45350055 pixel width {610

& genorme position can be specified by the acceasion number of a sequenced human genomic clone, sn mREMNA or EST or 8T8 marker, or a cynlogicsl band, a
chromosomal coordinate range, or keywonds from the Genbank description of an mRNA. See the User Guide for more help.

Request: Genome Browser Response:
chrl9 Drisplays all of chromosoms 19
20pl3 Displays region for band pl3 onchr 20

Aq28 Tiisplays band q28 on chr 4, gene region determining red hair color
chr3:1-1000000 Diisplays first million bases of chr 3, counting from p ann telomere

D16E3046 Drisplays region around 3T marker D1683046 from the GenethowIMarshfield maps {open " 5T Markers" track by clicking o see this marker)
AAZN54TY Displays region of EST with GenBank acc. AA205474 in BRCAL cancer gens onchr 17 {open "spliced ESTs" wack by clicking to see this EZT)

iz 1 3696 Trisplays region of the fingerprint clone contiz cig13638 from the Wash. 11. map ¢set "FPC! contigs" track 1 "dense” and refresh o see FPC contigs)
APOO1670 Displays region of clone with Genbank accession AP001670 {open "cowerage" track by clicking 0 see this clons)

AF033611 Ofers 2 coopdinate choices om chr 7 and chr 22 for this mitotic checkpoint mRH &

FRHF Offers coordinates choices for nested mRNAs for pron gene, chr 20p

peendogens mRNA Lists ranscbed psendogenss but not cDNAS
homeobox caudal  Lists mRNAs for cavdal homeohox genes

walyl-tRNA Lists mRIAz for valyl tRHA synthetases bt not unsubmitted t(RHA
zine finger Lists many zinc finger mRHAs

ruppel zing finger  Lists only kruppel-like zins fingers

Thuntington Lists candidate genes associated with Hontington's disease

zahler Listz mRENAz deposited by scientist named Zahler

Evans,J.E Lists mRNAs deposited by co-anthor T E. Evans

ze this last format for entry authors -- even though Genbank searches require Evans JE fonnat, GenBank eniries themselves vse Evans,J.E. internally.

22
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BLAT Search

Netscape: BLAT Search

‘ Loestion: J [nttp /7 gename csewoso.cdusogi-bin/haBlat 2db=hgs

| €507 what's Related

b (W

BLAT Search Human Genome

Freeze: Query type Sort ontput: =
Oct 7, 2000 - [ BLAT's gness _¢_J [ qUery,score _:_i

Please paste ina query sequence o see where it 5 Iocated in the UCEE assembly of the human genome, Multipls sequences con be scarched at once if separated by o line
starting with > and the sequence name.

IEID

Only DHA sequences less than 20,000 beses and protein or translated sequence of less than 4000 letters will be processed . If multiple sequences are submitted at the same
time, the total limit is 50,000 bases or 10,000 leters.

BLAT on DNA is designed to quickly find sequences of 9595 and greater similarity of length 40 bases or more. It may miss more divergent or shomer sequence alignments.
It will find perfect sequence matches of 33 bases, snd sometimes find them down 10 22 bases, BLAT on proteins finds sequences of 8098 and greater similacity of length 20
aning azids or more. In practce DA BLAT works well on primates, snd protein blaton land serebrates

BLAT i5 not BLAST. DNA BLAT works by keeping an index of the entire genome in memory. The index consists of all non-overlspping 11-mers except for those heavily
involved in Tepeats. The index tahes up & bit less then a gizabyte of RAM. The genome iself i ot kept in memory, allowing BLAT to deliver high perfonmanse on a
reasonably priced Linue box. The index is used 10 find aress of probable homology, which sre then I0aded into msmory for & detsiled lignment. Protein BLAT works ina
SimilsT mANKer, except with 4-mers rather than 11-mers. The protein index takes & Litle more than 2 gigabytes

BLAT wras wraften by Jim Kent Like mostof Jim's sofferare inferactive use on this web server i free to all. Sourees and executables 10 mn bateh jobs on 3onr v server
are awailable free for academic, personal, and non-profit puiposes. Non-exchusive commercial licenses are also available. Contact Jim for details.
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MCEl Home B Genormic: Biology = Human

Search | LocusLink = ifor |

™me Human Genome

A guide to online informa tion resources
‘Web Resources Building an information infrastructure

BLAST. Compare your sequence A challenge facing researchers today is the ability to
tothe genome or itz gene piece together and analyze the muttitudes of data
products. currently being generated through the Human Genome

} . Project. WCBI's Web site zerves an an integrated,
Cytogenetics. A cytogenetic one-stop, genomic informstion infrastructure for
resource of FISH-mapped, biomedical researchers from around the waorld so that
zequence-tagged clones. they may use this data in their research efforts. More...

dbSHP. Database of ShPs and

other genetic variations. Working Draft Analysis Published

e-PCR. Check your sequence for

T i HLM Press Release
STSs and viewy in genomic contest. NHGRI Press Belsase

GEO. Gene Expression Omnibus, a Interactive Tour of the Genome

public repository for expression HCEI Genome Analysis Pipeline

data. Nature {2M5/01 Human Grenome Issue
Seience (2116/01) Human Genome Izsue

HomoloGene. Putative

homologies among human, mouse,

rat, ahd zebrafish.

Homology Map. Blocks of MapViewer tips and tricks

cohzerved synteny hetween

mouse ahd human. ‘When browsing the genome using the new Mapviewer,
click on Display Settings to choosze from several types of
maps and . Below are three views of the BRCAZ locus
using different display options. Click the image to see the
full Map'iewer display.

LocusLink. Focal poirt for genes
and azzociated infarmation.

OMIM. Guide to genes and

inherited disorders maintained by ! PROOZO7 - av 13 PROO297 protein
JHU and collaborators.

Browvese

Genes

12345678

9101112131415 16

171819 202122 X Y

Genes & Disease

U ZED. Selected gene stories

for students and the pukblic.

NCBI Display options

Genes T Emons - e

-]

ELEZ = o 10alld  Penod Carier

FROOHT pean

Variations, juxtaposed with
genes

Several STS maps,

juxtaposed with genes
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Ensembl < g

Human Genome Server

project

About Ensembl v1.0 Browse a Chromoesome

Ensemil is & joint project bety een
EMEL - EBl and the Sanger Certrs to
dewelop a software systemwhich
produces and mairtains auto matic
annotation on eukarotic genomes.
Enzermbl iz primatile funded by the

k Wellcome Thist
[Press release] S
1 A2

With Ensembl you can ... 34 5 6 7 B8 9 1011 12

* Download all data, free, without constraints

¥ Search the DNA from the human genome

& Brow se chromosomes

¥ Find genes, SMPs and mouse genome matches
* Look for proteins and protein families

How Dol ..?
® Fihd genomic sequences similarto iy protein E E
sECUEnce?

* Look up & postional marker and e<amine candidate 13 14 15 16 17 18 19 20 21 22
ion?

dizease qenes in the region?
Finc the expression profile of 8 gene?
» Mare .. Ensembl Links
=1k ® ELAST
_ o il * SSAHS
Ensembl provides ...
* |dentification of 0% of known human genes in the * Hew: Ensembl i ouse serer
GENDME SeUEnce
* Prediction of 10,000 additional genes, allwith
suppoting evidence Help
* Connections to other resources wordw ide, leveraging i P
mary public genomic databases and tools m Ccolﬂ‘a?;%;]ﬁfr:?nﬁn’émup ]
® Thiz wehsite, www . ensemblorg, facilitates public P .
access to this data by offering a web-based gehome
browe ser.
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€! "Ensembl raprier st =@

Hame & MNews & BLAST a4 DiseaseBrowsst & Doc: & Download &

Chromosome 9

?ngwrl] gEnES g GC 3 SHPs Chromosome 9
otal Genes epeats

5 Known Ensembl Genes: 555 SHPs: 45932
P24.3 Hovel Ensemnbl Genes: 472 Length: 141283275 hp
F24.1

r23 Change Chromosome

Chromasome:

Jump to Contigview

Click aryw here on the chromosome ideogram or one of the feature distibution plots to
Jump to a contig-level view of features at that point.

,
"
Bhen b Bome b mmed

a1l x Aftematively, you can jump to contigview between ary o landmark markers on this
chromosome:

Betwesn [[DIS2085 (12 13 Mb) =)
and (0352065 @tz 15 Mby =)

1

W13

1 Lookup
2
3

OMIM Diseases

a3

Browse OMIM Diseases on this chromosome.
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. ExXPASy Molecular Biology Server

This is the ExPASy (Expert Protin Analysis System) proteomics server of the Swdss Institute of Bininformatics (8IB). This server is dedicated 10 the analysis of
protein sequences and stoctres a3 well as 2-D PAGE (Disclaimer).

[Announcements] [Job opening] [Mirror Zites]

& SWISS-PROT and TrEMBL - Protein sequences & Proteomics tools
& PROSITE - Protein families and domainsg dentification and charscterization
# SWISS-2DPAGE - Two-dimensional polyacrylamide gel electophoresis
o SWISS-3DIMAGE - 3D images of proteins and other hiological
macromolecules Pattern and Pattern and profile searches
& SWISS-MODEL Repository - Auvtomatically generated protein models Post-translationsl modification prediction
& CD40Lbase - CD40 ligand defects Primary swachire analyeis
» ENZYME - Enzyme nomenclature Zecondary stroctare prediction
® SeqAnalRef - Sequence analysis biblingraphic references Ertiary stchie
ranzmenbrane rexions detection

# Links t0 many other molecular biology databases Adicnment

» Melanie 3 - Sofrerare for 2-D PAGE analvsis

» SWISS-MODEL - Automated knowledge-based protein
wmodelling server

# Swiss-PdbYiewer - Macintosh/PC tool for stoachire display and
analysiz

» Boehringer Mannheim's Biochemical Pathways

. The ExPASy FTP server » What's New on ExPASY
atomatically obtain (by email) new sequence entres relevant o
ynm’ fleld(s) of interest
& Masters Degree 'oImatics
# 2-D PAGE maining - anend a one-week course in Geneva
® SWISS-2ZDSERYICE - get your 2-D Gels performed according 1o Swiss
standards

Links to lists of molecular biology resources Links 1o some major molecular biology servers
® Amos' WWW links - The ExPARY listof Biomalecular servers g Ingtitute {EBI)

» BioHunt - Search the internet for molecular ‘binlogy information mal Center fnr Biotechnology Information {(HCBI)
o WORLD-2DPAGE - Links 1o 2-D PAGE datebase servers and 2-D PATZE panese GenomeMet




Physical Properties

Prediction of Physical Properties
Compute pl/MW http://www.expasy.ch/tools/pitool.html
MOWSE http://srs.hgmp.mrc.ac.uk/cgi-bin/mowse
PeptideMass http://www.expasy.ch/tools/peptide-mass.html
TGREASE ftp://ftp.virginia.edu/pub/fasta/
SAPS http://www.isrec.isb-sib.ch/software/SAPSform.html

Prediction of Protein Identity Based on Composition

e AACompldent  http://www.expasy.ch/tools/aacomp/

e AACompSim http://www.expasy.ch/tools/aacsim/

e PROPSEARCH http://www.embl-heidelberg.de/prs.html

Motifs and Patterns

e BLOCKS http://blocks.fhcrc.org

e Pfam http://www.sanger.ac.uk/Software/Pfam/

e PRINTS http://www.bioinf.man.ac.uk/dbbrowser/PRINTS/PRINTS.html
e ProfileScan http://www.isrec.isb-sib.ch/software/PFSCANform.html
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Protein Structure

Prediciton of Secondary Structure and Folding Classes

e nnpredict http://www.cmpharm.ucsf.edu/_nomi/nnpredict.html

e PredictProtein  http://www.embl-heidelberg.de/predictprotein/

e SOPMA http://pbil.ibcp.fr/

e Jpred http://jura.ebi.ac.uk:8888/

e PSIPRED http://insulin.brunel.ac.uk/psipred

e PREDATOR http://www.embl-heidelberg.de/predator/predatorinfo.html
Prediction of Specialized Structures or Features

e COILS http://www.ch.embnet.org/software/COILSform.html

e MacStripe http://www.york.ac.uk/depts/biol/units/coils/mstr2.html

e PHDtopology http://www.embl-heidelberg.de/predictprotein

e SignalP http://www.cbs.dtu.dk/services/SignalP/

e  TMpred http://www.isrec.isb-sib.ch/ftp-erver/tmpred/www/TMPREDform.html

Structure Prediction

POODDOONO0INIIDIIOIIOIOIIOILIIVOY

e DALI http://www?2.ebi.ac.uk/dali/

e Bryant-Lawrence ftp://ncbi.nlm.nih.gov/pub/pkb/

e FSSP http://www?2.ebi.ac.uk/dali/fssp/

e UCLA-DOE http://fold.doe-mbi.ucla.edu/Home

e SWISS-MODEL  http://www.expasy.ch/swissmod/SWISS-MODEL.html
L]

TOPITS http://www.embl-heidelberg.de/predictprotein/




